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Acquisition  and  Retention  of  a  Letter-Detection  Skill 


Alice  F.  Healy  and  David  W.  Fendrich 

University  of  Colorado 


Janet  D.  Proctor 

Purdue  University 


!r>  two  experiment*,  »c  examined  the  acquisition  and  retention  of  a  letter-detection  skill  with  x 
consistent-mapping  procedure.  In  Experiment  1.  subjects  were  trained  from  0  to  4  sessions  at 
detect. ng  the  letter  H  in  displays  Containing  random  letters,  and  -ctcstinf  occurred  after  a  I- 
nionth  delay.  Performance  improved  and  in  some  cases  became  more  luiontttiic.  and  the 
performance  level  was  maintained  over  the  retention  internal.  tVr.cn  tested  with  a  prose  passage, 
the  high  error  rate  or.  ihr  word  THE  was  eliminated  after  training  and  after  the  retention  interval, 
regardless  of  the  amount  of  training.  In  .Experiment  2.  two  subjects  were  given  1 2  sessions  of 
training  followed  by  j  retention  real  e  months  later.  For  t  subject  there  was  also  a  retention  test 
13  months  after  acquisition  Performance  improved  dramatically  with  training,  and  substantia" 
but  not  complete  autosiaticxty  was  achieved.  Performance  on  the  retention  tests  na<  ciose  tc  the 
final  acquisition  level  The  surprising  lack  of  forgetting  in  this  study  was  contrasted  with  the 
substantial  forgetting  typically  found  in  studies  of  verbal  learning 


In  this  investigation  v,e  are  concerned  with  the  acquisition 
and  retention  of  a  letter-detection  skill.  In  previous  research. 
letter  detection  performance  has  been  studied  in  two  different 
contests,  erne  involving  prose  passages  (e  g  .  Healy.  1 976)  and 
the  other  involving  random  letter  displays  (c.g.,  Schneider  & 
Shiffrin  1977V  Although  there  has  been  a  thorough  investi¬ 
gation  cf  the  effects  of  training  with  random  letters  (including 
explorations  of  the  development  of  automaticity),  there  has 
been  essentially  nc  research  examining  how  training  in  that 
context  affects  subsequent  performance  in  the  prose  context. 


Portions  of  this  article  were  read  at  the  28th  Annual  Meeting  of 
the  Psych.onomk  Society.  Seattle.  Washington,  November  6.  1937. 
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Also,  little  if  known  about  ihe  durability  of  the  effects  of 
training  in  the  letter-detection  task  (but  see  Rabbit;.  CVn.- 
ming.  &  V\as.  1979).  The  present  study  examines  the  dura¬ 
bility  of  the  effects  of  train  ng  or  letter  detection  whether 
retention  of  the  letter-detection  skill  depends  or  the  amount 
of  training  or  the  achievement  ofautorraticity,  and  the  extent 
to  which  training  in.  random  letter  displays  influences  detec¬ 
tion  in  the  prose  conv.xt. 

Dramatic  forgetting  is  ubiquitous  in  verbal  learning  .Nee. 
c.g..  Crowder.  1976  i.  but  forgetting  seems  to  be  considerably 
smaller  in  motor  learning  tsoc.  e  g..  McGcoch.  1942  and 
Naylor  &  Briggs.  !  9 M .  but  also  see  e  g..  McOeoeh  i  Melton. 
1929)  and  relatively  small  in  other  studies  of  perceptual 
learning  (e.g..  Koiers.  !976).  Perhaps,  the  learning  resulting 
from  detection  training  will  be  well  retained,  like  motor  and 
other  perceptual  learning,  if  so.  the  changes  in  detection 
performance  resulting  from  detection  training  should  be  evi¬ 
dent  even  after  a  relatively  long  delay  without  practice  On 
the  other  hand,  if  forgetting  of  the  letter-detection  skill  is 
rapid,  like  verbal  learning,  the  changes  in  detection  perform¬ 
ance  may  be  transient  and  disappear  after  a  delay 

Two  types  of  letter  processing  have  been  distinguished  in 
the  literature:  controlled  processing,  which  requires  atten¬ 
tions!  resources  and  cognitive  effort,  and  automatic  process- 
mg.  which  requires  only  minimal  cognitive  capacity  and 
attention  (e  g..  LaBcrgc  &  Samuels.  1974:  Schneider  &  Shif¬ 
frin,  1977:  Shiffrin  A  Schneider,  1977),  Perhaps  it  will  be 
necessary  to  train  letter-level  processing  to  the  point  of  auto¬ 
maticity  (so  that  letter  information  would  be  accessible  with¬ 
out  aitemtonal  resources)  in  order  to  attain  superior  long¬ 
term  retention  of  the  letter-detection  skill,  Alternatively,  the 
amount  of  forgetting  may  not  depend  on  whether  automatic 
processing  develops 

In  previous  studies  of  letter  detection  in  prose,  two  striking 
findings  have  been  well  documented  First,  a  "word  frequency 
disadvantage"  has  been  found,  in  which  letters  occurring  in 
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very  common  words  (such  as  THE)  are  missed  more  often 
than  those  occurring  in  less  common  words  (such  as  THY) 
(e  g.  Healy,  1076).  Second,  a  “word  inferiority  effect1"  has 
been  found  in  which  letters  arc  more  likely  to  be  missed  in 
correctly  spelled  words  (again,  such  as  THE)  than  in  mis¬ 
spelled  words  (such  as  TEH)  (eg.,  Healy  &  Drewnowski, 
198J).  Underlying  the  explanations  of  these  effects  (see,  e  g. 
Drcwnowski  &  Healy.  I97T  Healy  &  Drcwnowski,  1983: 
Healy.  Conboy.  &  Drewnowski,  1987;  McClelland  &  Rurnel- 
hart.  ;98l)  is  the  basic  assumption  that  the  failure  to  detect 
letters  iri  common,  correctly  spelled  words  results  from  inter¬ 
actions  of  processing  at  the  word  and  letter  levels.  This 
assumption  not  only  predicts  that  enhancing  processing  at 
the  word  level  may  inhibit  further  processing  at  the  letter  level 
but  also  leads  to  the  prediction  that  enhancing  processing  at 
the  letter  le-ei  will  change  the  pattern  of  letter-detection 
errors.  Indeed,  in  previous  research  with  the  letter-detection 
tasis  (Healy.  Oljvei.  &  McNamara.  1987),  the  pattern  of  errors 
has  been  fou'.id  to  be  changed  as  a  result  of  practice  Specifi- 
ctLi’y,  a  decrease  in  the  overall  error  rate  and  in  the  size  of 
both  the  word  frequency  disadvantage  and  the  word  inferiority 
effect  was  found  as  a  function  of  repeated  exposure  to  the 
same  prose  passage.  However,  this  effect  of  practice  might 
have  been  the  result  of  familiarity  with  the  specific  passage 
rather  than  the  result  of  improved  letter-level  processing, 
especially  because  the  effects  of  passage  familiarization  have 
been  found  to  t«  substantial  in  studies  of  proofreading  for 
misspellings  (see  Lew,  1983.  Levy  &  Begin.  1984;  Levy, 
Newell  Snyder  &.  !  im turns,  1986).  Hence,  it  is  important  to 
ronstruct  a  situation  in  which  only  letter  processing  is  prac¬ 
ticed  so  that  the  effects  of  training  at  the  letter  level  can  be 
isscssed. 

The  aim  of  the  present  study  was  to  examine  these  issues 
concerning  the  acquisition  and  retention  of  a  letter  detection 
skill  by  constructing  a  task,  analogous  to  that  used  with  letter 
detection  in  prose  tut  irt  which  only  letter  processing  was 
practiced  V.'c  achieved  this  end  by  developing  a  variant  of 
‘hr  detection  training  paradigm  developed  by  Schneider  and 
ShifTrin  (197?).  Specifically,  as  in  the  prose  letter-dctccticn 
task,  character  sequences  were  rapidly  presented  on  a  com¬ 
puter  terminal  screen,  and  subjects  pressed  a  response  key 
when  thrv  detected  the  target  letter  (see,  e.g.:  Healy  Oliver, 
&  MiVamara.  '987:  Proctor  &  Healy,  1985).  In  this  case, 
b  --ever,  random  letter  sequences,  rather  than  connected  text, 
were  used  Further,  as  in  the  detection  training  paradigm, 
frame  size  (the  number  of  letters  in  each  display)  was  varied, 

\  iridin j  slower  and  less  accurate  responding  with  larger  frame 
s  /.es  Automatic  processing  was  indexed  by  a  decrease  in  the 
effect  of  frame  size  as  a  function  of  practice.  Before  and  after 
detection  training,  subjects  were  exposed  to  the  standard 
'itttr-dctcction  task  with  a  prose  passage  SVe  expected  that 
•  h t  word  frequency  disadvantage  and  word  inferiority  effect 
would  be  evident  before  training.  However,  these  effects 
should  be  reduced  or  eliminated  after  training,  especially  if 
.•.h  r.  !■■  became  automatic  at  letter  detection  In  our  experi¬ 
ments  subjects  also  returned  for  additional  testing  after  a  long 
dciv.  interval  During  this  retention  test  they  were  given 
another  exposure  to  the  prose  iettcr-dclcction  task,  as  well  as 
th-  random-tetter  task  that  they  had  practiced.  Wc  expected 


that  the  effects  of  training  on  letter-detection  performance  in 
both  tasks  would  be  well  maintained  across  the  delay  interval 
if  this  skill  resembles  other  perceptual  and  motor  skills  in  its 
retention  characteristics. 

Experiment  i 

In  preliminary  research  (Healy  Fendrich,  ,1  Proctor.  1987) 
we  found  that  the  word  frequency  disadvantage  in  the  letter- 
detection  task  with  prose  passages  was  large  in  a  pretest  but 
was  eliminated  on  a  posttest  after  detection  training.  One 
purpose  of  Experiment  1  was  to  compare  the  effect  of  two 
different  amounts  of  detection  training.  Perhaps  the  word 
frequency  disadvantage  will  be  eliminated  only  if  the  subjects 
are  given  sufficient  practice  so  that  their  performance  at  leas: 
approaches  automaticity  To  address  this  question,  we  in¬ 
cluded  two  experimental  groups  of  subjects  who  were  exposed 
to  different  amounts  of  detection  training:  either  2  or  4  days 
of  training  were  administered  before  the  posttest. 

The  second  and  most  important  purpose  of  Experiment  1 
was  to  examine  the  permanence  of  the  effects  of  detection 
training.  Towards  this  end.  we  employed  a  retention-test 
phase  approximately  1  month  after  the  posuest.  The  retention 
tests  included  letter  detection  in  a  ptose  passage,  followed  by 
the  detection  training  task.  The  retention  test  with  the  detec¬ 
tion  training  task  allowed  us  to  examine  the  durability  of  the 
detection  jk.,11  across  a  lengthy  delay  interval.  The  retention 
test  with  the  prose  passage  allowed  us  to  assess  the  durability 
of  the  changes  in  the  pattern  of  letter-detection  errors  resulting 
from  detection  training.  Perhaps  the  word  frequency  disad¬ 
vantage  will  lie  eliminated  at  the  end  of  training  but  will 
reappear  in  the  retention  test  Alternative!;  ,  (he  Skill  learned 
during  detection  training  may  be  retained  so  well  that  the 
pattern  of  results  on  the  posttcsl  will  persist  to  such  an  extent 
that  the  word  frequency  disadvantage  witi  continue  to  be 
absent  during  the  retention  test 

Method 

Subjects 

Thirty-six  students  at  the  University  of  Colorado  participated  for 
■tourse  credit  in  Introductory  Psychology  3nd  for  pay  ment  at  the  rate 
of  $5  per  hour  for  any  additional  hours  beyond  ‘he  course  require¬ 
ment. 

Stimuli  and  Apparatus 

Defection  iroir.mr.  stimuli.  The  detection  training  displays  were 
strings  of  if  letters  and  two  internal  blank  spaces  (see  Figure  i )  This 
length  corresponded  tc  the  approximate  length  of  the  leiter-deteciioti 
PWSap.e  displays.  Each  string  contained  2.  4.  or  If  scrambled  upper¬ 
case  letters,  depending  on  the  frame  size  (2.  4.  or  16).  randomly 
interspersed  with  14.  12.  or  0  filler  characters  which  were  number 
signs  (*M  A  targe!  character  (H)  was  present  in  hail  of  the  character 
strings.  Two  blank  spaces  were  randomly  placed  in  each  string  with 
the  constraint  that  they  could  not  occur  in  the  first,  the  last  re 
adjacent  string  positions  These  blanks  gave  the  displays  the  appear¬ 
ance  of  the  three-w  ord  configuration  of  ;hr  letter-deiection  passages 
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Ftgurt  /  Example  frames  in  Experiment  !. 

The  ncniargei  letters  (dismctorsi  usee  were  the  same  os  ;rev.  used 
m  the  second  irtter-detco.ion  passage  except  'hat  the.  were  xcrarrolrd 
at  random. 

Letlf-deteenon  p-nsapes  I  hree  prose  passages  in  uppercase  type 
i. : ;  employed  One  passage  was  adapted  from  a  passage  of  Winston 
Smith’s  ito .cl  The  Sirsnge'  frerr,  the  Sea  The  test  contained  4>. 1 
words,  including  "J  test  words  containing  the  target  letter  H  The 
word  THE  accounted  for  36  of  the  test  words.  The  remaining  )6  test 
words  were  other  lower  frequency  words  containing  j  single*  H  At 
most,  one  test  word  occurred  in  each  three-word  display  segment. 
and  test  words  were  located  with  equal  frequency  in  all  three  positions 
Half  of  the  test  words  of  each  type  'were  misspelled,  and  two 
versions  of  the  passage  were  produced  by  varying  w  hich  half  of  the 
words  were  misspelled.  As  a  result,  a  word-itott" orri  comparison  and 
an  examination  of  the  effects  of  word  fan  lianty  -cere  made  Possible 
without  the  confounding  variables  of  word  length  and  frequency  of 
occurrence  in  the  text  Twelve  uonurget,  tiller  "Ords  also  were 
misspei'cd  vi  tnai  incorrect  spelling  would  not  automatically  xignifi- 
the  presence  of  a  target.  The  same  filler  words  were  misspelled  in 
both  version.,  of  the  passage',  according  to  a  prescribed  procedure 
The  last  letter  of  the  word  was  replaced  with  another  letter,  unless 
the  lust  ieuc-  was  a  target,  fr.  that  case,  the  firet  letter  was  replaced 
Origin^  letters  and  substitutes  wcre  paired  so  that  the  'aime  sobsh- 
tuuou  was  aiwayx  made  for  A  given  letter  (e.g..  THE  was  always 
misxreileu  THP/.  except  when  that  substitution  would  produce  an¬ 
other  word  In  tliosc  cases,  ar.  alternative  substitute  letter  was  selected 
The  second  passage  was  adapted  from  another  portion  of  Thr 
Stronger  frem  the  Sea  It  contained  7 hr  words,  including  4)1  occur¬ 
rences  of  the  word  THE  and  40  other  lower  frequency  words  contain¬ 
ing  a  single  H  Test  words  occurred  with  equal  frequency  in  ail  three 
positions  in  n  segment,  and  3t  most  oce  test  word  appeared  in  each 
segment  The  misspelling  procedure  described  above  was  imple¬ 
mented.  except  that  1 5  filler  words  (rather  than  II)  were  misspelled. 

One  of  the  first  tw  o  passages  was  expanded  and  modified  to  create 
die  third  passage.  The  third  passage  contained  1 ,290  words,  including 
204  tesl  words  containing  the  letter  H  The  word  THE  accounted  for 
102  of  the  test  "Ords.  The  remaining  102  test  worrit  were  other  low  er 
frequency  words  containing  a  single  H.  Half  of  the  test  words  of  each 
type  (THE  and  other)  and  24  additional  filler  words  were  misspelled 
by  using  the  procedure  described  above.  Teat  words  of  each  type  and 
spelling  Occurred  equally  often  (•)  *  17}  in  each  of  the  three  word 
positions  in  a  display  segment  of  text 

Reading  comprehension  tests  were  constructed  tor  cacti  passage 
Each  test  contained  eight  moderately  difficult,  four-alternative  mul¬ 
tiple  choice  questions. 

Apparatus.  Fxccpt  for  the  reading  comprehension  questions 
which  were  presented  on  paper,  all  stimuli  were  presented  or  a  Visual 
200  cathode-rav  tube  (CRT)  display  screen  linked  to  a  PDP-!  1/03 
computer  system.  The  computer  controlled  stimulus  presentation 
and  recorded  response  latencies.  Each  subject  responded  by  pressing 
a  button  held  in  His  or  her  preferred  hand  Measured  from  a  viewing 
distance  of  50  cm,  the  mear,  length  of  a  line  Of  text  across  all  three 


passages  was  4  96'  o!  visual  angle,  and  detection  training  stimuli 
subtended  5  2”  of  visual  angle.  Single  uppercase  letters  subtended 
0.23’  boriiom.iily  a-iJ  0.46’  vertically.  A  0  34’  space  occurred  be¬ 
tween  words  and  ,r.  detection  training  Stimuli, 


Procedure 

General  drtipr..  Three  groups  of  1 2  subjects  well  participated  in 
two,  three  or  !i>e  sessions  conducted  over  approx- mately  3  to  5 
weeks.  Group  assignment  was  made  according  to  a  prescribed  rotation 
based  upon  a  subject’s  time  of  arrival.  Because  the  experiment  "as 
conducted  during  iwo  school  terms  (spring,  summer),  equal  numbers 
of  subjects  f:om  each  term  -.vere  assigned  '.3  each  group  ill  o-xier  to 
counterbalance  an  -  extraneous  factors  arising  (torn  different  student 
populations  The  three  groups  differed  only  in  respect  to  the  amount 
of  detection  training  subjects  received.  The  control  group  received  no 
d-tection  tra.nmg.  whereas  the  limited  training  group  received  2  days 
of  training  1 10  blocks'  and  the  ecensivf  training  group  received  4 
days  of  training  1 2  4  blocks) 

A  staoda'rt  sequence  of  tasks  was  used  with  all  subjects,  although 
the  coniroi  group  did  net  participate  in  the  detection  training  phase. 
Tabic  1  shows  the  specific  order  and  timing  of  tasks  for  each  group 
The  experiment  began  with  a  pretraimng  prose  passage  letter-detec¬ 
tion  task  The  ft  ret  session  continued  with  the  initiation  of  the 
detection  training  phase  Because  subjects  ill  the  control  group  re¬ 
ceived  no  detection  training,  they  proceeded  directly  to  the  next  task 
(posttest  prose  passage  lcttcr-drtc .  ’uon  task).  Subjects  m  the  limited 
training  group  performed  five  blocks  of  detection  training  dunng  the 
first  Mission  and  an  additional  five  blocks  2  days  later  in  the  second 
session  The  extensive  mining  group  subjects  received  five  blocks  of 
training  during  both  the  first  and  fourth  sessions,  and  seven  blocks 
during  both  the  second  and  third  sessions.  For  the  extensive  training 
group.  Sessions  !  and  2  were  separated  by  2  days,  as  were  Sessions  3 
and  4:  5  days  separated  Sessions  2  and  3. 

After  ill-:  detection  training  phase  was  completed,  subjects  imme¬ 
diately  performed  a  pcsttrainmg  letter-detection  task  with  a  second 
rrose  passage,  a  retention  interval  of  3 1?  5  weeks  then  elapsed  before 
subjects  resumed  for  the  finai  i  retention)  phase  of  the  e-  penment  At 
that  time,  a  third  passage  was  presented  for  a  retention  test  of  letter 
detection  in  prose.  Next,  subjects  i including  the  control  group)  per¬ 
formed  five  blocks  of  the  detection  training  task  V  evaluate  retrnt.on 
of  the  letter-detection  skill 

Detee'ier  training  A  variation  of  the  rapid  serial  visya1  present’ 
non  procedure  was  used  to  present  letter  strings  briefly  in  the  approx¬ 
imate  center  cf  the  terminal  display  screen,  as  in  thr  prose  passage 
lecter-dertct'bn  task.  Three  frame  sixes  (2.  4.  16:  nurber  signs  filled 
any  remaining  character  spaces)  were  employer’  Subjects  were  in¬ 
structed  tc  press  a  button  as  rapidly  as  possible  whenever  the  target 
(H)  occurred 


Tabic  ! 

Order  ana  Tuning  of  Task':  hxperimeru  1 

Task 

Training  Retention 

P-etest  duration  Potuest  duration 


Group 

vessiun 

(sessions) 

session 

(weeks) 

Control 

Session  ! 

0 

Session  1 

3-5 

Limited 

Session  1 

2 

Session  2 

3-S 

Extensive 

Session  i 

4 

Session  4 

3-5 

I* 
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Each  iraimng  session  was  organized  imo  se»eral  blocks  of  trials.  A 
training:  block  consisted  of  three  sets  of  52  trials  (26  target,  26 
nontargel).  one  for  each  frame  size.  Frame  size  order  was  random 
within  each  block  Stimulus  exposure  duration  was  l, '00  ms  through¬ 
out  training 

/’rise passage letier-ceiect'on  wrfcv  The  text  was  presented  three 
words  at  a  time  in  the  approximate  center  of  the  computer  terminal 
screen  by  means  of  a  •  ariation  of  the  rapid  serial  \  ijual  presentation 
procedure  'Forster  IO70V  Each  three-word  segment  was  presented 
for  1.500  ms  Within  each  training  group,  half  of  i  he  subjects  received 
one  passage  version,  and  half  received  the  other  Subjects  wer* 
instructed  to  read  for  comprehension  and  to  press  a  button  as  rapidly 
as  possible  whenever  the  target  letter  occurred.  Subjects  searched  for 
H  in  each  passage  Passage  order  was  counterbalanced  across  subjects. 
Reading  com  prehension  ouestions  were  administered  ir,  a  multiple- 
choice.  pape-  ar.d-pencil  format  immediately  following  each  passage 

Kl'u/lS 

Scoring  Fruedures 

Because  *he  rapid  serial  visual  presentation  procedure  has 
essential'-,  m  interstimuius  interval,  a  delayed  response  to 
one  stiltin' as  can  be  registered  during  the  presentation  of  the 
following  stimulus  A  response  latency  criterion  was  adopted 
to  prevent  including  this  type  of  response  in  the  data.  A 
response  was  considered  to  be  coitcc:  (hit)  and  was  included 
in  the  calculation  of  the  response  latency  and  accuracy  data 
if  the  response  was  made  during  the  presentation  of  a  target 
stimulus  and  if  the  response  latency  exceeded  200  ms.  Re¬ 
sponse*  trade  after  the  first  200  ms  of  a  dispiay  presentation 
that  did  rot  irriude  a  target  letter  were  scored  us  false  alarm 
error;  Ai!  responses  with  latencies  under  20*2  ms  -'ere  not 
scored  and  were  eliminated  from  further  analysis. 

Detection  Training 

The  proportion  of  hits  and  the  median  response  latencies 
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2  3  4 
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58 

4 

93 
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Table  3 


Average  Median  Response  Latency  (in  Milliseconds)  as  a 
Function  of  Training  Croup,  Frame  Site,  and  Day  of 
Training:  experiment  i 


Group 

Ftunr 

size 

Day  of  training 

l  2  3 

4 

Retention 

Control 

■s 

676 

4 

781 

16 

1 ,003 

Limited 

2 

660 

622 

624 

4 

770 

728 

729 

16 

1.017 

99  2 

962 

Extensive 

D 

687 

631 

628 

600 

633 

4 

805 

721 

7!  1 

685 

718 

16 

1  000 

959 

931 

915 

903 

proportion  of  hits  in  Table  2  arc  .010  for  the  limited  training 
acquisition  sessions  and  .007  for  the  extensive  training  acqui¬ 
sition  sessions.  The  standard  errors  of  the  mean  response 
latencies  in  Tabic  3  are  10  ms  for  the  limited  training  acqui¬ 
sition  sessions  and  8  ms  for  the  extensive  training  acquisition 
sessions.  The  siandard  errors  of  the  retention  data  from  all 
three  groups  in  Tables  2  and  3  are  .015  and  13  ms,  respec¬ 
tively.  The  proportion  of  false  alarms  was  computed  but  not 
analyzed  further  because  of  their  very  low  frequency  (.mean 
=  .03  for  the  limited  training  acquisition  sessions.  .02  for  the 
extensive  training  acquisition  sessions,  and  .02  f or  the  final 
retention  session  of  all  three  groups)  Because  of  problems  cf 
interpretation  due  to  ceiling  effects  on  accuracy  with  Frame 
Sizes  2  and  4,  we  present  the  statistical  analyses  of  the  response 
latency  data  only 

Training  phase.  Subjects  received  different  amounts  of 
detection  task  training,  depending  on  their  condition.  As  a 
result,  an  overall  analysis  of  training  including  all  subjects 
could  not  he  performed.  Instead,  the  data  from  the  training 
period  for  the  limited  (2-day)  and  extensive  (4-day)  training 
groups  were  initially  analyzed  separately  to  evaluate  the  de¬ 
velopment  of  processing  automaticity. 

For  both  the  Limited  and  extensive  training  groups,  the  hit 
rate  was  highest  with  small  frame  sizes  and  increased  as 
training  progressed.  The  effect  of  frame  size  diminished  with 
training,  and  thus  some  progression  toward  automaticity  did 
occur.  This  Shift  toward  automaticity  was  minimal,  however; 
the  magnitude  of  the  frame  size  effect  was  reduced  only 
slightly,  and  a  substantial  difference  remained  between  Frame 
Size  4  and  Frame  Size  16  when  training  ended. 

As  opposed  to  the  accuracy  measure,  the  response  latency- 
data  of  the  limited  training  group  gave  no  evidence  for  im¬ 
proved  automaticity  in  a  2  x  3  (Day  of  Training  x  Frame 
Size)  analysis  of  variance.  The  main  effects  of  day  of  training. 
F\  1,  1 1)  =  10.31,  ;t  <  .01.  and  frame  size,  F( 2.  22)  •»  292.17, 
0  <  .001.  were  significant,  but  the  Day  of  Training  X  Frame 
Size  interaction  did  not  even  approach  significance 

A  similar  pattern  was  present  for  the  extensive  training 
group  in  a  4  x  3  (Day  of  Training  x  Frame  Size)  analysis  of 
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variance  Response  latencies  decreased  with  training,  F(3,  33) 
=  ;  7.44.  p  <  .00! .  xml  icsponscs  were  slower  to  larger  frame 
sizes,  F{2.  2-)  =  21*).  33  p<  .OOP  hut  the  Day  of  Training  x 
Frame  Size  interaction  was  not  significant. 

Retention  phase  To  evaluate  the  extent  to  which  the 
effects  of  detection  teaming  were  retained  over  time,  the 
limited  training  and  extensive  training  groups'  performances 
from  the  last  detection  training  session  were  compared  with 
those  from  the  retention  session  These  data  are  included  in 
Tables  2  and  3.  The  previous  separate  analyses  of  detection 
training  did  not  allow  a  direct  comparison  of  the  degree  to 
which  automata  u>  was  attained  by  the  two  groups.  The 
current  retention  analyses  do  provide  this  comparison  and 
indicate  that  although  full  automaticity  was  not  achieved,  the 
extensive  training  group  reached  a  significantly  greater  degree 
of  automaticity  than  did  the  limited  training  group. 

Subjects  who  received  extensive  training  had  higher  hit 
rates  and  smaller  frame  size  effects  on  hit  rates  (greater 
automations)  than  subjects  who  received  limited  training. 
There  was  nc  difference  between  the  hit  rates  on  the  last 
training  session  and  the  retention  test,  reflecting  both  groups' 
almost  complete  tetentior  of  letter-detection  skills  in  the 
detection  training  task  over  3  to  f  weeks.  Further,  the  level  of 
automaticity  did  not  change  over  the  retention  period  for 
either  group. 

Response  latencies  for  the  last  training  session  and  die 
retention  test  were  compared  in  a  2  x  2  x  3  (Training  Group 
x  Dav  x  Frame  Sire!  analysis  of  variance.  This  analysis 
yielded  only  two  significant  effects,  the  main  effect  of  frame 
Size.  A"; 2  44)  =  4S8.29,  p  <  001.  and  the  Training  Group  X 
frame  Size  interaction,  F{2,  44  j  =  6-58  p  <  .01.  Response 
latencies  increased  as  frame  size  increased,  and  this  effect  was 
larger  for  subject;  gi  ven  limited  training  than  for  those  given 
extensive  training,  suggesting  mere  automatic  responding  for 
the  subjects  exposed  lo  more  training.  This  interpretation  is 
supported  by  a  irend  analysis  that  revealed  a  significant 
Training  Group  x  linear  Frame  Size  interaction  component, 
FT(l,22)  =  S.i!.p<  .01. 

Although  subjects  in  the  control  gioup  received  no  detec¬ 
tion  training  dunng  the  main  training  sessions,  they  did 
receive  five  blocks  of  training  during  the  retention  test  session 
These  data  were  used  in  a  final  set  of  analyses  to  compare  the 
control  group’s  performance  dunng  one  session  of  detection 
training  with  the  performance  after  a  retention  period  for 
groups  that  had  received  ’united  or  extensive  training.  To 
provide  a  more  detailed  account  of  any  changes  in  perform¬ 
ance,  the  data  from  each  block  of  trials  were  used,  rather  than 
the  daily  averages  used  prev  iously.  These  data  are  shown  in 
Tables  4  and  5.  The  standard  error  of  the  mean  proportion 
of  hits  in  Table  a  is  017  and  of  the  mean  response  latencies 
in  Table  ?  is  19  ms,  as  determined  by  analyses  of  variance. 

The  hit  rate  of  the  control  group  improved  over  the  session, 
whereas  the  performance  of  the  limited  training  group  de¬ 
creased  slightly.  Further,  the  extensive  training  group  had  a 
higher  hit  rate  in  general  and  a  smaller  frame  size  effect  than 
the  control  and  limited  training  groups  had.  For  the  propor¬ 
tion  of  hits,  therefore,  the  limited  training  group  performed 
no  better  after  the  retention  interval  than  the  control  group 
performed  during  its  initial  training,  but  the  extensive  training 
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Table  4 

Mean  Proportion  of  Hits  in  Retention  Test  c  a  Function  of 
Training  G-oup  Fran:e  Size,  and  Trial  Block  -  Lyperuncr:  I 


Frame _ 

Group  size 

Control 

2  .96 

4  90 

1  6  .74 

Limited 

2  49 

4  .97 

16  76 

Extensive 

2  I  00 

4  l  .00 

!6  ,93 
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1  .00 

.97 

97 

97 

.95 

.95 

90 

VO 

.79 

.76 

74 

.  7a 

94 

1  ,rv‘i 

1.00 

99 

4g 

99 

.48 

QR 

88 

.88 

-84 

88 

group  performed  at  a  higher  level  and  was  mors  automatic 
than  the  groups  receiving  less  training. 

The  data  for  response  latency  from  the  overall  3  x  5  v  3 
(Training  Group  x  Block  x  Frame  Size)  analysis  of  variance 
were  partitioned  into  comparisons  of  the  control  group  versus 
the  limited  training  group,  and  the  combination  of  the  control 
group  and  the  limited  training  group  versus  the  extensive 
training  group.  Onlv  the  Training  Group  x  Block  term  in  the 
comparison  of  the  control  and  limited  trair.tng  groups  was 
significant,  F( 4,  132)  =  4.13,  p  <  .01.  As  with  the  accuracy 
measure,  the  control  group's  performance  improved  across 
blocks,  whereas  tne  limited  training  group’s  performance 
worsened  somewhat  When  the  control  and  limited  training 
groups  were  combined  and  their  resjxinsc  latencies  were  con- 
pared  with  those  of  the  extensive  training  group,  only  the 
interaction  of  training  group  and  frame  size  was  significant 
F{ 2.  66)  =  6.78,  p  <  .01.  A  trend  analysis  rcvcalexJ  that  this 
interaction  included  a  significant  Training  Group  x  Linear 
Frame  Size  component.  FI  1.  33)  =  8.58,  p  <  O’  The  main 
effect  of  training  group  was  not  significant.  Although  the 
overall  level  of  response  Latency  did  not  differ  between  the 
extensive  training  group  and  the  groups  receiving  less  training. 


Table  5 

Average  Median  Response  Latency  on  Milliseconds;  for 


Retention  Test  as  a  Function  of  Training  Group.  Frame 
Size,  and  Trial  Block,  txperimem  I 
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4 
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2 
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16 
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2 
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the  magnitude  of  the  frame  sue  effect  was  smaller  for  the 
extensive  training  group,  and  thus,  automaticity:  of  processing 
was  greater. 

Letter  Detection  in  Prose 

The  proportion  of  targets  detected  (hits)  was  computed  for 
each  subject  as  a  function  of  test-word  type  (THE/othcr)  and 
test- word  spelling  (correct/misspelled).  As  in  the  detection 
training  analyses,  a  response  latency  entenon  of  200  ms  was 
adopted.  For  the  present  analyses,  all  latencies  under  200  ms 
were  treated  as  failures  to  respond,  as  in  previous  studies. 
Group  means  arc  shown  in  Table  6  The  standard  error  of 
the  mean  proportion  of  hits  in  Table  6  is  .023,  as  determined 
by  an  analysis  of  variance.  The  mean  proportion  of  false 
alarm  errors  overall  was  quite  small  (mean  =  .03. i;  hence, 
these  false  alarm  data  will  not  be  discussed  further. 

Because  all  groups  received  the  same  three  passage  tests, 
the  data  from  all  subjects  could  be  combined  in  one  overall 
3  x  )  x  ;  x  2  (Training  Group  x  Test  x  Word  Type  x 
Spoiling)  analysis  of  variance. 

The  main  effects  of  word  type,  F(  1,  33)  =  4.43,  p  <  .05, 
and  spelling,  F[  1.  33)=  85.65,  p<  001,  were  significant,  with 
a  greater  proportion  of  hits  overall  on  THE  relative  to  other, 
less  common  words  (a  word  frequency  advantage),  and  on 
misspelled  words  than  on  correctly  spelled  words  (a  woid 
inferiority  effect;.  Most  important,  the  Word  Type  x  Spelling 
interaction  was  significant,  F{  1 .  33)  =  75.34,  p  <  .00! .  As  in 
previous  experiments,  subjects  made  the  lowest  proportion  of 
hits  on  correctly  spelled  instances  of  the  common  word  THE. 
i  somewhat  greater  proportion  of  bits  on  other  correctly 
speiled  words,  and  the  greatest  proportion  of  hits  on  mis¬ 
spelled  instances  of  THE  and  other  words  Thus,  the  word 
inferiority  effect  was  greater  for  the  word  THE  than  for  other 
words. 

Thc  results  of  the  pretraining  letter-detection  task  nicely 
match  those  ot  previous  studies ! Healv.  Oliver.  A.  McNamara, 
log';  Proctor  &  Heal),  15)85).  Targets  were  less  likely  to  be 
de’ected  when  the  target  was  in  the  context  of  a  correctly 
spelled,  very  high-frequency  word,  such  as  THE.  This  repli¬ 
cation  extends  the  generality  of  the  word  frequency  disadvan¬ 
tage  and  word  inferiority  effect  to  new  passages  and  a  new 
target  letter. 
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Mean  Proportion  oj  Hit:  as  a  Function  of  Training  Group 
Ten  Word  Type  and  spelling  Experiment  I 


Pretest 

Posttest 

Retention 

Croup 

Word 

Cor 

Mis 

Cor 

Mis 

Cor 

Mis 

Control 

THE 

.54 

.81 

67 

92 

.74 

.91 

othci 

.67 

T5 

68 

.72 

.70 

.75 

Limited 

THE 

?y 

76 

92 

.60 

M 

other 

63 

.70 

.68 

73 

.62 

.68 

Extensive 

THE 

•Si 

,70 

91 

70 

95 

Other 

.68 

.7} 

.75 

:g 

76 

61 

Sate  Cc  =  correct,  M's  -  misspelled 


Performance  changed  as  a  function  of  test.  The  main  effect 
of  test  day  was  significant,  F( 2.  66)  =  18.4?.  p  <  .001,  with 
proportion  of  hits  increasing  from  the  pretest  to  the  posttest 
and  then  remaining  relatively  unchanged  in  the  retention  test. 
Also,  test  interacted  with  word  type,  F{ 2.  66)  =  32.39,  p  < 
.001,  and  with  spelling..  F(2,  66)  -  3.62,  p  <  .05.  On  the 
pretest,  fewer  targets  were  detected  with  the  word  THE  than 
with  other  words  fa  word  frequency  disadvantage),  but  on  the 
posttest  and  retention  test  the  opposite  pattern  occurred  (a 
word  frequency  advantage),  due  primarily  to  a  'arge  increase 
m  accuracy  with  the  word  THE  (correctly  spelled  and  mis¬ 
spelled)  hut  only  a  modest  increase  in  accuracy  with  other 
■words.  This  type  of  reversal  did  not  occur  for  the  effect  of 
spelling,  but  the  difference  between  the  proportion  of  hits 
made  on  misspelled  words  and  on  correctly  spelled  words 
decreased  across  tests.  That  is.  the  word  inferiority  effect 
decreased  in  magnitude  with  subsequent  tests,  although  it 
remained  substantial. 

The  length  of  (raining  on  the  detection  task  had  no  signif¬ 
icant  effect  on  the  proportion  of  hits  for  letter  detection  in 
prose.  Neither  the  main  effect  of  training  group  nor  any  of  its 
interactions  were  significant 

Discus  'ton 

A?  in  our  preliminary  study  (Hcaly.  Ferdrich,  &  Proctor, 
1987).  the  word  frequency  disadvantage  was  eliminated  after 
detection  training,  and  the  word  inferiority  effect  was  reduced 
;r.  magnitude.  However.  Experiment  I  provides  no  suppon 
for  the  hypothesis  that  the  change  in  these  effects  was  due  to 
the  detection  training  itself  The  group  receiving  the  most 
extensive  detection  training  did  not  perform  differently  on 
letter  detection  tn  prose  than  did  the  groups  that  received 
homed  or  no  training.  It.  fact,  the  earliest  loss  seemed  to 
occur  for  the  control  group  which  received  no  detection 
training  prior  to  die  presentation  of  the  passages  This  finding 
suggests  that  experience  with  letter  detection  in  prose  itself  is 
the  critical  factor.  Further,  passage  familiarity  cannot  be  the 
basis  for  this  effect  because  a  given  subject  saw  a  different 
pus. -age  at  each  testing  Most  crucially,  it  should  be  noted  that 
the  change  in  performance  was  not  short  lived:  the  word 
frequency  disadvantage  did  not  reappear  even  after  a  retention 
interval  of  a  month. 

The  disappearance  of  the  word-frequency  disadvantage  as 
a  result  of  experience  with  the  prese  letter-detection  task  may 
at  first  appear  to  be  problematic  foi  the  unitization  hypotheses 
(sec.  e.g ,  Healv  .  Oliver,  &  McNamara,  1987)  because  these 
hypotheses  were  developed  specifically  to  account  for  the 
preponderance  of  letter-detection  errors  on  frequent  words 
However  in  fact,  the  findings  from  Experiment  I .  although 
unexpected,  do  r.oi  pose  a  serious  threat  to  the  unitization 
hypotheses.  According  to  these  hypotheses,  text  i>  processed 
in  parallel  at  the  level  of  letters  and  words.  Because  of  their 
familiar  visuai  configuration  very  common  words  like  THE 
may  be  identified  before  their  component  letters.  Once  a  word 
unit  has  been  identified,  the  processing  of  the  component 
letter  units  is  terminated  rven  if  they  have  not  yet  reached 
the  point  of  identification  This  premature  termination  leads 
to  eirois  on  the  letter-detection  tasi  and  is  caused  by  the  pull 
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of  the  text  rescuing  'rom  the  comprehension  processes.  In 
this  wav  tiie  unitization  hypotheses  can  account  for  the  pre¬ 
ponderance  of  letter-detection  errors  on  common  words  like 
THE,  the  word  frequency  disadvantage.  How  can  these  hy¬ 
potheses  accommodate  the  loss  of  the  word  frequency  disad¬ 
vantage  found  vn’h  pnor  exposure  to  the  prose  letter-detection 
task?  An  explanation  of  this  finding  can  he  made  simply  by 
proposing  that  the  puli  of  the  test  can  he  weakened  wiii- 
practice  at  the  prose  task,  so  thtn  subjects  learn  to  continue 
processing,  at  use  letter  level  even  when  word-level  processing 
has  already  been  completed,  In  other  words,  the  compulsion 
to  move  on  in  a  text  at  the  expense  of  letter -level  processing 
apparently  can  be  diminished  with  experience  at  a  task  re¬ 
quiring  letter  .dcntit'catiOi'.  in  the  contest  of  reading  prese. 
Detection  training  outside  the  pros:  context  presumably  can¬ 
not  affect  the  compulsion  to  move  on  because  there  is  no 
text,  and  heave  no  pull  of  the  text  in  that  situation 

Although  extensive  detection  training  did  not  haven  greater 
effect  on  the  prose  task  than  did  limited  training,  it  lid 
produce  greater  automaticity  in  Experiment  I  Full  automa- 
tict'y  was  act  obtained  however.  We  were  surprised  by  this 
finding  because  it  has  been  said  that  automaticity  frequently 
develops  in  about  200  consistent-mapping  tnals  or  after  2  hr 
of  raining  (Schneider  &  Fisk,  1 98?).  Our  extensive  training 
group  had  considerably  more  practice  than  required  by  these 
norms,  further,  previous  studies  e  g.,  Dumais.  1979.  Schnei¬ 
der  Shiffrin  1977.  Experiment  2)  obtained  automaticity 
for  response  latency  wuh  processing  loads  (Memory  Set  Size 
x  Frame  Sure)  of  up  to  1 6  characters  (and  with  frame  sizes  c" 
up  to  16  characters  in  the  study  by  Dumais),  and  the  amount 
of  training  in  these  studies  was  comparable  to  that  used  in 
Experiment  1.  One  difference  between  the  present  experi¬ 
ments'  procedutc  and  that  of . Schneider  and  Sbiffhn  <1977 )  is 
the  physical  arrangement  of  the  stimuli.  Whereas  they  used  a 
central  fixation  and  presented  the  letters  in  a  square  around 
fixation,  in  the  present  experiment  we  displayed  the  stimuli 
in  a  string  extending  from  left  to  right,  a  format  similar  to 
that  founa  in  normal  text.  In  addition,  the  display  size  used 
by  Schneider  and  Shiffnn  allowed  subjects  10  view  all  char¬ 
acters  with  high  acuity  in  a  single  fixation,  whereas  the  display 
size  used  ,n  the  present  experiment  presumablv  required 
several  fixations  in  ordei  for  all  characters  to  be  seen  with 
high  acuity  (see  Shiffrin  &  Schneider.  1977.  p.  166.  for  a 
discussion  of  this  issue). 

We  wondered  whether  the  extent  to  which  the  stimulus 
falls  in  peripheral  vision,  the  density  of  the  letters,  or  some 
other  aspect  of  the  stimulus  itself  precluded  the  development 
of  complete  automaticity  in  Experiment  1.  In  order  to  test 
this  hypothcs.5,  we  conducted  a  follow-up  experiment  (see 
Healy,  Fcndnch.  &  Proctor,  i  987)  which  made  use  of  detrac¬ 
tor  letters  (O)  that  were  maximally  dtscriminable  from  the 
target  letter  (H).  Specifically,  this  experiment  inc'udod  detec¬ 
tion  training  uke  that  used  in  Experiment  1  and  the  same 
procedure  except  that  the  distractor  letters  were  always  O.  In 
the  context  of  these  distractor  letters,  unlike  the  random 
distractor  letters  used  in  Experiment  !.  we  predicted  that  the 
target  letter  would  “pop  out"  (see.  c.g..  Gardner.  1973;  Treis- 
man  &  Patterson,  1984)  and  that  no  disadvantage  for  Frame 
Size  16  would  be  evident  even  with  minimal  training,  unless 


the  disadvantage  was  due  solely  to  stimulus  display  character¬ 
istics  which  could  not  be  Oveicome  In  fact,  wc  found  (hat 
the  large  disadvantage  for  frame  Size  16  was  eliminated  in 
tins  follow -up  experiment  so  that  perfyn-.ance  was  no  worse 
(indeed  was  better)  on  Frame  bite  :6  than  on  Frame  Size  4 
Therefore,  wc  concluded  that  the  frame  size  effect,  and  hence 
the  failure  to  find  complete  automabcity.  in  Experiment  1 
cannot  be  Attributed  to  artifacts  concerning  visual  angle  and 
other  efuracieustics  of  the  visual  vhspiav 

In  any  event  the  degree  of  autcitwticiu  did  not  seem  to  be 
related  to  the  degree  of  long-term  Telethon  in  Experiment  i. 
The  limited  training  group,  like  the  extensive  training  group, 
showed  essentially  perfect  skill  retention, .  even  though  there 
was  evidence  of  automata  it;  (albeit  weak  ev  idence)  only  for 
the  extensive  training  group.  In  fact,  ns  mentioned  above,  all 
three  groups  of  subjects  including  the  control  group  who  was 
given  no  detection  training,  showed  retention  of  the  loss  of 
the  word  frequency  disadvantage  over  the  I -month  retention 
interval 

Experiment  2 

In  Experiment  <  «e  found  essentially  no  forgetting  of  the 
’.otter-detection  ski”  in  terms  of  both  speed  and  accuracy  over 
r  i  -month,  retention  interval.  Hence,  the  major  purpose  of 
Experiment  2  was  to  assess  retention  of  the  detection  ski'd 
o-.e-  longer  inienai? 

In  Experiment  I  we  found  only  modest  reductions  in  the 
frame  size  effects  as  a  function  of  practice  However,  subjects 
in  Experiment  1  were  given  at  most  only  4  hr  of  practice 
Therefore  a  second  purpose  of  Experiment  2  was  to  deter- 
mine  whether  more  intensive  practice  will  lead  to  more  dra¬ 
matic  changes  in  the  frame  size  eifects  and.  thus,  to  a  greater 
degree  of  automaticity. 

Two  subjects  were  employed  for  Experiment  2  Each  sub¬ 
ject  was  given  12  I -hr  sessions  of  detection  training  followed 
by  a  retention  test  6  months  after  rhe  training  ended  One 
subject  also  received  a  second  retention  test  9  months  after 
the  first  retention  test  (15  months  after  training  ended)  To 
verify  further  our  findings  from  Experiment  I  with  the  prose 
passages  the  subjects  were  also  given  pretest,  posttest.  and 
retention  tests  with  the  passage  letier  detection  task. 

Method 

Subjects 

Two  subjects  were  tested  in  this  experiment.  One  subject  (AC)  was 
an  undergraduate  research  assistant  majoring  in  psychology  at  the 
University  of  Colorado.  She  had  had  extensive  experience  testing 
subjects  in  experiments  on  cognitive  psychology.  Including  concur 
rem  participation  as  an  experimenter  in  txperimem  1.  Although 
generally  familial  with  ihe  stimulus  configurations  and  tasks  because 
or  her  role  as  experimenter,  she  remained  m  n  separate  room  frotr. 
the  subject'  during  most  of  the  training  and  testing  sessions  s nd  did 
not  view  the  stimulus  displays  during  the  presentation  of  the  stimuli 
to  the  sobiects  The  second  subject  (DS>  had  received  bis  bachelor's 
degree  from  the  University  of  Colorado  within  the  previous"  year 
before  training  began.  This  subject  haJ  not  been  a  psychology  major 
and  was  nc>t  familiar  with  experimental  psychology. 
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All  aspects  of  the  apparatus  ar.cl  procedure  are  comparable  to  those 
fr.r  the  analogous  tasks  of  Experiment  t.  In  particular,  the  display 
duration  was  s,500  ms  in  both  the  detection  training  and  passage 
!ettcr.detect:on  segments  of  the  experiment.  AS  in  Experiment  I .  the 
subjects  completed  a  comprehension  test  for  each  passage 

Testing  wax  conducted  in  three  phases  Phase  1,  the  acquisition 
phase,  consisted  of  a  pretest  an  letter  detection  in  prose  followed  by 
II  sessions  of  irtenrive  training  earned  out  by  AG  within  a  28  -day 
period  and  by  OS  within  a  fO-day  penod.  Phases  -  and  3  consisted 
of  retention  tests.  Phase  2  consisted  of  I  day  of  testing  6  months  after 
the  lard  day  of  train, ng  of  Phase  I.  Phase  5.  which  applied  only  to 
AG.  also  consisted  of  a  single  day  of  testing  o  months  after  the  Phase 
2  test  day, 

Phare  i  Acquisition.  The  first  day  of  Phase  !  included  only  a 
pretest  with  Version  t  of  the  first  letter -detection  passage  used  in 
rvpcnme.nt  I  Each  of  the  remaining  )2  days  of  Phase  i  included 
seven  oLx'ks  of  detection  tra.nmg  comparable  10  that  employed  in 
Experiment  .’  lie  ,  uppercase  letters,  with  uppercase  H  the  target). 
The  final  day  cf  Phase  1  a'.xo  included  two  postlest  passage  letter- 
detection  tasvs.  follow  ir.g  the  usual  -.e'eti  blocks  of  detection  training. 
The  Erst  posttest  letter-dctertior.  passage  was  Version  1  of  the  second 
passage  used  >n  £  xperiitient  i  The  second  poxttext  letter-detection 
passage  was  one  version  of  the  T -detection  passage  used  in  previous 
slud'es  'see  eg.  Proctor  *  Holy,  I9g?i.  Again,  this  passage  was 
converud  to  cl!  uppercase  letters  and  the  target  was  uppercase  T. 
i. 'nibftimutely.  the  data  from  aG  for  this  passage  were  lost  because 
of  j  compu'ei  maJfur.ctic.n  so  the  data  front  this  passage  will  not  be 
reported  for  either  subject. 

f'hu: £>■  2  anti  .«  Heiennnn  Phases  2  and  3  each  included  a 
mention  test  ’or  letter  df’ection  in  prose,  followed  by  seven  blocks 
of  the  detection  t.rairmg  task  '-kg  that  conducted  ill  Phase  1  AH 
stimuli  were  typed  in  uppercase.  and  uppercase  H  was  the  target  in 
each  task  Version  2  of  the  third  passage  used  in  Experiment  i  was 
presented  in  th-  pro-.r  leriei-deteaicm  tusk  of  Phase  2.  Version  2  of 
the  pretest  passage  of  Phcse  1  was  presented  in  Phase  3 
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Figure  3.  Mean  proportion  of  hits  as  a  function  of  Jav  of  training 
and  frame  sue  in  Experiment  2  Data  t'pr  aG  in  top  panel,  fo-  DS  in 
bottom  pane1  (Ri  stands  for  the  first  retention  test,  and  R2  for  the 
second  retention  lest.) 


Detection  Training 

?•  rr.vr.-  p’oerilun.  The  some  scoring  procedures  were 
used  as  in  Fxpcriment  t.  However  because  only  2  subjects 
v.fa  tested  .it  the  present  experiment.  the  factor  of  blvKks 
■wtihtn  days;  rathe'  than  subjects,  was  treated  as  the  random 
effect  ir  two  separate  analyses  of  vprwnce,  one  for  each 
•  -.ibicct.  Two  types  *f  analyses  were  conducted.  The  first  type 
of  anaWriy.  >n-j tided  data  c-nly  from  the  first  12  sessions  of 
teaming  (Phase  1 -Acquisition',  with  session  and  frame  size  as 
withir-Wocks  factor ;  The  second  typo  of  analvsi;  included 
ia-tt  -p rs  1  x  frotn  the  last  session  (Session  %2)  of  acquisition 
trait  if  and  the  two  retention  sessions  ,  Phases  2  and  3)  for 
AG  but  only  the  one  re'.er.’ion  session  for  DS,  again  with 
sexs.'on  ri  ri  fr3rrc  sire  ns  withm-blocks  factors.  Thus,  in  the 
first  tspe  of  ana.'ys's  there  were  ;2  lex'els  for  the  session  factor, 
whereas  in  the  second  tyjve  of  analyst;  there  were  only  3  levels 
i n.-  AG  and  3  le’-els  for  DS.  In  both  types  of  analyses  there 
were  three  lev;!*  for  the  frame  size  factor  (2.  4.  and  1 6). 

Aiuro’-y  dc.'.a.  higurc  2  shows  the  proportion  of  hits  as  a 
function  of  session  and  frame  s-zc  for  AG  in  the  top  panel 
and  for  O'S  in  the  bottom  parrel  The  .lamiard  error  of  the 


mean  proportion  of  hits  in  Figure  2  is  .008  for  AG  and  .005 
for  DS,  as  determined  by  analyses  of  variance.  False  alarms 
were  also  computed  but  were  no:  analyzed  further  because  of 
the  iow  frequency  of  occurrence  during  acquisition  (mean  = 
.04  for  AG  and  .02  for  DS). 

For  both  subjects,  the  hit  rates  for  the  three  frame  sizes  arc 
quite  different  initially  but  converge  as  the  training  progresses, 
so  that  by  the  final  (12th)  session,  the  hit  rates  are  at  the 
ceiling  for  all  three  frame  sizes  and  stay  at  the  ceiling  during 
the  retention  tests. 

Response  latency  data  Figure  3  presents  the  means  of  the 
median  response  latencies  for  the  hits  as  a  function  of  session 
and  frame  size,  again  for  AG  in  the  top  panel  3od  DS  in  the 
bottom  panel.  The  standard  error  o!  the  mean  response 
latencies  in  Figure  3  is  20  ms  For  AG  and  22  ms  for  DS,  as 
determined  by  analyses  of  variance.  In  the  analysis  of  variance 
lor  the  acquisition  period,  there  were  significant  roam  effects 
of  session.  Ft,  1 1,  66)  •*  37.93,  p  <  .CO  1 ,  for  AG,  and  F{1 1. 
66)  -  11.20,  n  <  .001,  for  DS,  and  frame  size,  f(2,  12)  = 
204.92.  p  <  .001,  for  aG.  and  F{2.  !2)  =  922.84.  p  <  .001. 
for  DS,  as  well  as  a  significant  interaction  between  session 
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tigu'e  A'  erase  medt-jr.  response  U:er,  .-;  .in  ir.iiHscoonds)  as  a 
function  rfcai  of  tra/r>:ng  3nd  frame  ere  Fincrim-al  2:  Data  for 
\Cj  in  tor  Tarn.',  for  DS  in  bottom  pane!  (P  '  stands  for  the  first 
retention  test  and  Rt  for  the  second  retention  tesi.i 


and  frame  size.  F(22  132)  -  3- < P  <■  .001.  tor  AG.  and 
F\22  1 321  =  2. 16,  p  <  .01,  for  DS  In  addition,  trend  analyses 
indicated  that  there  was  a  significant  Linear  Day  x  Linear 
Frame  Size  interaction  for  AG.  ft  I  .  6)  =  26. 1 7,  p  <  .01.  but 
only  a  marginally  significant  interaction  for  D5.  /'(I.  6)  = 
3.79.  p  <  .10.  As  for  the  hit  rate,  the  frame  size  effect 
diminished  as  the  sessions  progressed,  but  in  this  case  the 
effect  was  not  eliminated  entire!'.,  a'  the  end  of  acquisition, 
training,  presumably  because  the  latencies  had  not  reached 
their  lowest  possible  level.  Note  that  all  three  frame  sizes 
converges!  for  aG.  but  only  the  smaller  |wo  frame  sizes 
converged  for  DS.  In  any  event,  the  significant  interaction 
docs  suppon  the  hypothesis  that  a  degree  of  sutomaticitv  was 
achieved,  but  the  difference  in  frame  mics  at  the  last  session, 
especially  for  DS.  suggests  that  automabclty  was  not  complete 
For  the  second  analysis,  which  compared  the  last  session  of 
the  acquisition  period  to  the  retention  crs'ion's)  there  was  a 
significant  main  effect  of  frame  'ire  Ft 2,  i2)  =  43  82.  p  < 
00 1 .  for  AG,  and  Ft 2,  12)  *  96  i  5,  p  e  001  for  DS.  with 
the  smallest  latencies  for  Frame  Sice  2  and  the  largest  for 
Frame  Size  16.  In  addition,  for  DS  there  was  no  effect  of 


session,  F\  1 . 6)  <  I,  but  for  AG  there  was  a  significant  main 
effect  of  session,  Ft 2. 12;  =  8.68,  p  <  .01,  with  shorter  latencies 
for  the  final  acquisition  session  and  the  final  retention  session 
than  for  the  initial  retention  session  Planned  comparisions 
for  AG  revealed  no  significant  difference  between  the  first 
(final  acquisition)  and  third  (final  retention)  tests,  but  the 
average  of  the  first  and  third  tests  did  differ  from  that  of  the 
second  (initial  retention)  lest.  F(  1. 6)  =  13  70,  p  -  .01  Thus, 
far  aG  the  final  retention  test  15  months  after  acquisition 
yielded  performance  comparable  to  that  at  the  end  of  training, 
suggesting  essentially  no  forgetting  although  there  was  a 
significant  performance  decrement  after  the  first  6- month 
interval  for  that  Subject.  Alternatively,  after  the  first  6-month 
delay,  there  was  significant  forgetting  evident  at  the  retention 
test  for  AG,  but  that  test  provided  a  reminder  which  boosted 
performance  back  to  the  level  attained  at  the  final  acquisition 
session  In  contrast,  no  forgetting  was  evident  a!  the  6-month 
retention  test  for  PS. 

I.efier  Detection  in  Prose 

The  scoring  procedure  for  this  task  was  the  same  as  that 
used  in  Experiment  I.  However,  because  this  experiment 
included  only  2  subjects,  no  statistical  analysis  was  conducted. 

The  proportion  of  hits  and  false  alarms  was  computed  for 
each  of  the  tests  of  letter  detection  ir.  prose.  The  false  alarm 
rate  was  small  for  each  of  the  tests  (mean  =  .0  3  for  AG  anc 
mean  *  .02  for  DS) 

The  proportion  of  hits  as  a  function  of  test,  word  type,  and 
spelling  is  shown  in  Table  7.  The  most  striking  aspect  of  these 
data  is  the  increase  in  hit  rate  from  the  pretest  to  the  posttest. 
This  improved  performance  is  maintained  during  the  reten 
lion  tests  for  AG  but  not  fully  maintained  for  DS.  It  is  also 
noteworthy  that  the  data  from  the  pretest  are  consistent  with 
both  a  word  inferiority  effect  for  THE  (but  not  for  other 
words)  ard  a  word  frequency  disadvantage.  The  data  arc 
generally  inconsistent  with  a  word  frequenev  disadvantage 
and  word  inferiority  effect  for  the  posttest  for  both  subjects 
and  for  the  retention  tests  for  aG. 


Table  7 


Proportion  ot'lhis  ao  a  Function  of  Test,  Word  Type  and 
Spelling  Experiment  2 


Subject  AG 

Subject  DS 

Test 

Word 

Cor 

Mis 

Cor 

Mrs 

Pretest 

THE 

T2 

.78 

61 

83 

other 

.78 

T2 

.78 

83 

Posttest  H 

THE 

96 

92 

.92 

i  ,»X> 

other 

96 

98 

.96 

Retention  1 

THE 

.94 

1.00 

80 

1.00 

Other 

.86 

94 

.94 

94 

Retention  2 

THE 

1,00 

i  00 

other 

1.00 

1.00 

Fine  Cot  -  correct:  Mis  =  misspelled 
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Thus,  the  results  for  these  2  subjects  are  generally  consistent 
with  those  from  the  previous  experiments  in  two  respects. 
First,  the  effects  of  training  arc  large  and  arc  retained  through¬ 
out  long  periods  of  disuse  (in  this  case  up  to  15  months). 
Second,  the  standard  word  frequency  disadvantage  is  elimi¬ 
nated  at  the  posttest  for  both  subjects  and  remains  absent  at 
the  subsequent  retention  tests  for  AG  (but  not  DS). 

Discussion 

The  2  subjects  employed  m  this  experiment  elucidated  two 
important  effects  of  training  suggested,  but  not  clearly  dem¬ 
onstrated,  ;n  Experiment  1,  which  involved  a  greater  number 
of  subjects  but  substantially  less  training  and  a  shorter  reten¬ 
tion  interval.  First,  performance,  both  in  terms  of  speed  and 
accuracy,  improved  dramatically  as  training  progressed  Al¬ 
though  it  appeared  from  Experiment  I  that  performance 
might  have  reached  an  asymptotic  level  with  as  hrtic  as  4  days 
of  training,  it  is  clear  instead  that  performance  steadily  in¬ 
creased  throughout  the  1 2-session  training  period.  Although 
a  frame  size  effect  persisted  for  response  latencies  at  the  end 
of  training,  especially  for  DS,  the  effect  was  substantial')! 
reduced  for  latencies  and  ua,  eliminated  for  errors  Hence,  it 
is  clear  that  the  responses  of  AG  and  probably  DS  became 
more  auiornatic  as  a  result  of  the  tramirg.  Second,  and  most 
interesting,  the  large  improvements  in  performance  were 
maintained  with  essentially  no  decline  over  a  6-month  reten¬ 
tion  interval  for  DS  and  over  a  15-month  interval  for  AG. 
with  only  one  refresher  training  session  intervening  between 
the  training  and  aG's  final  retention  test.  This  latter  finding 
suggests  that  the  perceptual  skill  of  letter  detection  more 
closely  resembles  motor  learning  rather  than  verbal  learning 
in  its  retention  characteristics.  The  extremely  large  degree  of 
retention  eviden  t  here  is  surprising  and  certamh  worth  further 
exploration. 

General  Discussion 

Wc  can  best  summarize  our  findings  by  dividing  them  into 
three  subsets:  those  concerning  letter  detection  in  prose,  the 
role  of  automaticity,  and  lor.g-tcrm  relent  ion. 

Letter  Detection  in  Prose 

In  preliminary  research  (Healv.  Fendrich,  &  Pro-dor.  198”) 
we  fo  ,nd  that  tbc  word  frequency  disadvantage  was  elimi- 
r.aied  and  the  word  Inferiority  effect  was  reduced  after  detec¬ 
tion  training.  We  replicated  this  result  in  the  present  study, 
but  w  e  also  found  the  same  change  in  the  pattern  of  detection 
errors  when  subjects  were  given  r.o  detection  training  but 
instead  merely  performed  a  pretest  with  the  prose  ut'k.  More¬ 
over.  these  results  were  uninfluenced  by  the  degree  of  detec¬ 
tion  training  Hence,  the  changes  we  observed  cannot  be 
attributed  to  enhanced  letter-level  processing  alone  but  also 
to  exposure  to  a  level  of  processing  higher  than  the  letter 
Thcv;  findings  arc  consistent  with  those  of  K filers  and  Magee 
(1978;  showing  only  a  moderate  amount  of  transfer  from 
naming  inverted  scrambled  letters  to  reading  inverted  text 
Although  highe”  level  processing  is  implicated  wc  can  rule 


out  passage  familiarity  as  a  factor,  because,  unlike  previous 
studies  (c.g„  HeaK.  Oliver.  &  McNamara,  1987),  the  changes 
m  the  pattern  of  letter-detection  errors  occurred  even  when 
subjects  were  tested  with  a  new  passage  never  seen  previously 
(cf  Levy.  1983;  Levy  <fc  Begin,  1984;  Levy  et  ah,  1986) 
Hence,  we  propose  that  exposure  to  a  pretest  with  the  prose 
letter  detection  task  enables  subjects  to  change  the  focus  of 
their  attention  from  the  word  or  phrase  levels  to  the  letter 
level  and  thus  to  detect  target  letters  that  would  have  otherwise 
been  overlooked  because  they  are  in  common  words. 

These  findings  are  consistent  with  the  basic  assumption, 
discussed  in  the  introduction,  that  failures  to  detect  letters  in 
common,  correctly  spelled  words  result  from  interactions  of 
processing  at  the  word  and  letter  level.  As  outlined  earlier, 
this  assumption  leads  to  the  prediction  that  enhancing  proc¬ 
essing  at  the  letter  level  will  change  the  pattern  of  letter- 
detection  errors.  Our  results  imply  that  such  a  change  takes 
place  only  w  hen  practice  occurs  in  the  context  of  real  words 
so  that  subjects  can  leant  to  focus  their  attention  on  the  letter 
level.  More  specifically,  with  respect  to  the  unit  ration  hy¬ 
potheses  (see,  eg.,  Healy,  Oliver,  &  McNamara.  1987),  our 
findings  suggest  that  the  pull  of  the  text  caused  by  the  com¬ 
prehension  processes  can  be  weakened  by  practicing  letteT 
detection  in  a  prose  context  so  that  subjects  can  learn  to 
continue  processing  a  given  werd  at  the  letter  level  even  when 
that  word  has  already  been  identified. 

The  Role  of  Automaticity 

Although  subjects  did  not  show  evidence  for  fully  automatic 
responding  in  Experiments  1  and  2,  all  subjects  did  show 
Clear  signs  of  improvement  with  training,  and  the  subjects  in 
Experiment  2,  especially  AG.  showed  dramatic  improvements 
approaching  automaticity. 

Our  finding  that  the  cfTcct  of  frame  size  persisted  even  after 
extensive  practice  is  consistent  with  the  findings  from  an 
experiment  by  Rabbin  et  a)  (1979).  These  investigators  in¬ 
dependently  manipulated  both  target  (or  memory)  set  sire 
and  display  (or  frame)  sire  in  theit  Experiment  2.  There  were 
three  different  numbers  of  targets  (Iwo,  four,  or  eight;  and 
three  different  numbers  of  letters  in  the  display  (two.  four,  or 
nine)  After  extensive  practice  (60,000  trials  across  25  days* 
on  a  consistent-mapping  visual  search  task,  they  found  dial 
the  effect  of  targe:  set  size  was  eliminated,  but  the  effect  of 
display  sire  remained. 

Most  crucially,  the  durability  of  the  detection  skill  does  not 
seem  to  depend  on  the  development  of  automatic  processing 
Ike  found  in  Experiment  1  essentially  perfect  skill  retention 
for  subjects  given  both  limited  and  c  tensive  training,  al¬ 
though  there  was  no  evidence  of  automaticity  for  the  limited 
training  group.  Further,  we  found  in  the  same  experiment 
that  both  groups  of  subjects  maintained  tbc  loss  of  the  word 
frequency  disadvantage  over  a  l-month  retention  interval. 

fumg-Tcrm  Retention 

Our  most  interesting  resulis  concern  the  long-term  reten¬ 
tion  of  tbc  letter -detection  skill.  Subject'  showed  essential!;- 
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no  forgetting  of  ihe  skill  that  they  had  acquired  even  after 
relatively  long  retention  intervals.  This  finding  was  most 
dramatic  lor  the  subjects  of  Experiment  2.  who  showed  sub¬ 
stantial  improvements  in  performance  as  a  result  of  training. 
DS  showed  no  loss  in  the  performance  level  achieved  after  a 
f -month  retention  interval,  and  AG  showed  no  loss  after  a 
1 5-month  rctcp'ien  interval  with  only  a  single  refresher  train¬ 
ing  session  (j  ,  6-montb  retention  test)  intervening  between 
initial  acqui'.rion  and  the  final  retention  test.  Not  only  was 
there  little  forgetting  of  the  detection  skill,  but  the  large  change 
in  performance  on  the  prose  task  (the  elimination  of  the  word 
I'requenc'  disadvantage)  was  generally  (not  for  DS)  main¬ 
tained  o'  er  a  lengthy  retention  interval,  even  when  the  change 
was  caused  by  an  experience  of  a  relatively  short  duration 
(i.e..  reading  a  single  pretest  passage). 

The  previous  study  in  the  literature  most  closely  related  to 
our  own  is  the  one  by  Kabbitt  et  al.  (1979).  This  study 
employed  a  nsual  search  task  like  our  own  and  similarly 
examined  the  training  and  subsequent  retention  of  the  search 
skill  In  Experiment  1  of  this  study.  60  subjects  were  exposed 
to  3  divs  of  training,  with  1 .000  trials  per  day  (a  total  of  3,000 
trials,  similar  to  the  3,744  trials  given  to  subjects  in  the 
extensive  naming  group  of  our  Experiment  I).  They  were 
then  retested  after  retention  intervals  of  2,  4,  or  6  weeks.  For 
some  subtexts  the  retention  test  involved  the  same  target  and 
dist motors  as  used  :n  training,  whereas  for  Other  subjects  a 
transfer  test  involving  new  detractors  was  employed  Subjects 
showed  improvements  in  response  latencies  as  training  pro¬ 
gressed  ar.d  no  increase  in  response  latencies  after  the  2-  and 
a. week  intervals.  There  was  a  significant  increase  after  the  6- 
week  delay,  although  the  Latencies  in  that  case  were  shorter 
than  jnose  at  the  scan  of  practice.  Hence,  the  results  pointed 
to  substantial  degrees  of  skill  retention  up  to  4  weeks,  as  wc 
found  in  Experiment  1.  Further,  the  results  indicated  signifi¬ 
cant  forgetting  after  a  6-wcck  delay,  as  we  found  in  our 
Experiment  2  for  AG.  but  not  for  DS,  after  a  6-month  delay, 
The  superior  retention  wc  found  in  our  Experiment  2  may  be 
due  to  the  fact  that  the  subjects  in  that  study  were  exposed  to 
considerably  more  extensive  practice  (13.104  trials).  Also,  our 
finding  no  loss  in  AG's  performance  after  a  15-raonth  interval 
suggests  that  a  limited  amount  of  refresher  training  can  main¬ 
tain  the  skill  even  if  there  is  initially  some  forgetting.  Thus, 
although  our  findings  are  not  inconsistent  with  those  from 
the  earlier  study,  the  work  by  RabbiU  et  al.  seems  to  have 
underestimated  the  remarkable  durability  of  the  perceptual 
skill 

The  negligible  amount  of  forgetting  found  in  our  study  of 
perceptual  learning  contrasts  with  the  substantia!  forgetting 
found  in  traditional  studies  of  learning  (c.g.,  consider  the 
rapid  forgetting  of  three  letters  over  an  1 8-s  retention  interval 
found  by  Peterson  &  Peterson.  1959).  There  arc  at  least  three 
interrelated  distinctions  between  the  present  task  and  the 
traditional  tasks,  and  any  one  or  any  combination  of  these 
distinctions  may  be  responsible  for  the  different  patterns  of 
forgetting  First,  the  tasks  differ  along  the  dimension  that  wc 
will  refer  to  as  stall  vers w  knowledge  (see  Bourne.  Ekstrand, 
A  Dommowsia.  1971),  others  have  labeled  this  dimension 
ope'aiwnal  versus  declarative  knowledge  (knowing  bow  vs. 
knowing  that.  Ryle,  1 9-> 9 j,  or  piocedural  versus  declarative 


rnemon  (Anderson.  19831  The  subjects  in  our  study  learned 
a  skill,  whereas  the  subjects  in  the  more  traditional  studies  o! 
verbal  learning  acquired  knowledge.  Second,  the  tasks  differ 
in  terms  of  the  memory  systems  distinguished  by  Tulving 
(1985).  Subjects  in  our  task  were  engaging  the  procedural 
memory  system,  whereas  subjects  in  the  traditional  tasks  were 
making  use  of  episodic  memory  Third,  our  task  was  an 
implicit  memory  test,  as  opposed  to  the  explicit  memory  :csis 
used  in  the  traditional  tasks  (see  e  g...  Graf  A  Schactcr.  1 9S5 1 
Thus,  the  letter-detection  task  wc  studied  was  a  skill  invoU  mg 
an  implicit  test  of  the  procedural  memory  system.  Other 
examples  of  long-term  retention  with  little  forgetting  ha'f 
involved  pursuit-rotor  motor  skills  (eg..  Jahnke  &  Duncan. 
1956),  reading  inverted  text  (c.g..  Kolers.  1976).  and  the  word- 
fragment  completion  test  (c.g..  Sloman.  Hay  man.  Ohia.  Law. 
A  Tulving.  1988;  Tulving.  Schactcr.  A  Stark.  1982).  The 
pursuit  rotor  task  seems  to  fall  unambiguously  in  the  domain 
of  skill:  the  reading  of  inverted  text  seems  to  b:  a  clear  example 
of  procedural  memory:  and  the  priming  of  word- fragment 
completion  has  been  used  as  an  implicit  measure  of  memory 

All  three  of  these  distinctions  point  to  the  involvement  of 
procedural  memory  as  the  crucial  factor  leading  to  stable 
memory  representations  In  agreement  with  the  theoretical 
position  put  forth  by  Kolers  and  Roediger  ( 1 98-4  j,  we  propose 
that  memory  representations  cannot  be  divorced  from  the 
procedures  which  were  used  to  acquire  them  and  that  the 
durability  of  memory  depends  critically  on  the  extent  to  which 
the  teaming  procedures  are  reinstated  at  test.  Implicit  memory 
tasks  like  ours  that  require  the  direct  storage  ana  retrieval  of 
procedures  should,  according  to  this  argument,  be  acquired 
and  maintained  with  much  greater  facility  than  explicit  mem¬ 
ory  tasks  that  involve  procedural  memory  more  indirectly, 
such  as  those  that  bave  been  categorized  as  involving  knowl¬ 
edge  or  episodic  memory.  For  example,  in  the  standard  list 
learning  experiment,  the  memory  coding  procedures  used  by 
subjects  to  store  the  list  are  not  easily  retrieved  or  reinstated 
at  the  tune  of  test,  unless  the  subjects  employ  specific  nine- 
inotiu  procedures,  such  as  the  method  of  loci,  the  keywird 
method,  or  the  chunking  method  learned  by  the  expert  $F 
(Ericsson  A  Chase.  1982)  In  contrast,  the  procedures  used  by 
our  subjects  during  acquisition  arc  easily  reinstated  during 
the  retention  test  because  the  subjects  are  performing,  the 
same  task  (i.e.,  letter  detection)  in  both  instances.  This  char¬ 
acterization  of  memory  is  consistent  with  theories  of  transfer- 
appropriate  processing  (c.g..  Bransford,  Franks.  Moms.  A 
Stein,  1979)  and  encoding  specificity  (t  ulving  A  Thompson, 
1973).  both  of  which  postulate  that  memory  performance  will 
be  best  when  the  procedures  required  at  the  retention  test 
match  those  employed  during  learning. 

This  emphasis  on  procedural  memory  not  only  provides  an 
explanation  for  the  substantial  degree  of  retention  we  found 
of  the  detection  skill  in  our  study  but  also  helps  explain 
another  puzzling  observation  we  have  made.  We  have  found 
that  the  pallet  n  of  errors  on  the  prose  letter  detection  task  is 
influenced  greatly  by  a  previous  experience  with  detection  in 
prose  but  not  by  experience  with  detection  in  scrambled 
letters,  The  lack  of  an  influence  in  the  latter  case  could  be 
explained  by  proposing  that  subjects  use  qualitatively  different 
procedures  to  detect  letters  in  the  two  contexts 
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